During the recent decades of satellite era, more tropical cyclogenesis locations (TCLs) were observed over the northwestern part of the western North Pacific (WNP), relative to the southeastern part, during the boreal autumn. This increase in TCLs over the northwestern WNP is largely attributed to the synergy of shifting El Niño-Southern Oscillation (ENSO) and the 1998 Pacific climate regime shift. Both central Pacific (CP) La Niña and CP El Niño have occurred more frequently since 1998, with only one eastern Pacific El Niño observed in autumn 2015. The change in the mean longitude of TCLs is closely linked to the ENSO diversity, whereas the change in the mean latitude is dominated by the warming of the WNP induced by an interdecadal tendency of CP La Niña-like events. The physical mechanisms responsible for this shifting ENSO-TCL linkage can be potentially explained by the tacit-and-mutual configurations between tropical upper-tropospheric trough and monsoon trough, on both interannual and interdecadal timescales, which is mainly due to the ENSO-related large-scale environment changes in ocean and atmosphere that modulate the WNP TCL.
Introduction
As a transitional season from the summer monsoon to the winter monsoon, autumn often means a time of crop maturity and harvest in China. Meanwhile, the western North Pacific (WNP) tropical cyclones (TCs) experience an active to less-active transition (see Fig. 1 of Hsu et al. 2014 or He et al. 2015) . However, the percentage of TC intensification into typhoon during the late TC season (i.e., autumn) is higher than that in the peak TC season (i.e., summer) (Hsu et al. 2014) , especially in September (He et al. 2017 ). For example, many super-typhoons such as Tip (October 1979) , Maemi (September 2003) , Megi (October 2010), Haiyan (early-November 2013), and Bopha (late-November 2012) were all generated during the late TC season.
In addition, above 80% of the TCs formed within the WNP monsoon trough (MT), except for those in July and August (see Fig. 1 of Molinari and Vollaro 2013) . It also should be noted that the mean latitude of WNP tropical cyclogenesis locations (TCLs) was clearly further to the north in summer than in autumn (not shown), mainly due to the distinctly different seasonal climatic backgrounds (e.g., warm pool, monsoon flows, etc.). Thus, we emphasize that it is important to separately study the WNP TC activity during autumn (e.g., Hsu et al. 2014; Zhao et al. 2014a; Zhao and Wang 2016; Choi et al. 2017) and that in summer.
The variability of WNP TC/typhoon activity is strongly affected by the El Niño-Southern Oscillation (ENSO) (e.g., Lander 1994; Chan 2000; Wang and Chan 2002; Camargo and Sobel 2005; Camargo et al. 2007; Zhao et al. 2010; Kim et al. 2011; Wang et al. 2013; Wang and Wu 2016) and the Pacific Decadal Oscillation (PDO) (e.g., Wang and Liu 2016; Zhao and Wang 2016) . Frequent late-season catastrophic super-typhoons thus led us to wonder how the change in the ENSO affects the WNP TCLs during autumn. Because the warming due to greenhouse gases will not only lead to more frequent extreme ENSO (Cai et al. 2014 (Cai et al. , 2015a and ENSO diversity (e.g., Hu et al. 2016a, b; Chen et al. 2015) , but also fewer-but-stronger TCs (e.g., Knutson et al. 2010 ) since the negative contributions from the reduced TC frequency and its genesis location-related duration tend to offset the positive contribution from the increasing TC intensity (Lin and Chan 2015) . In other words, changes in TCLs and ENSO in the context of global warming may primarily contribute to the change in the frequency of intense typhoons (e.g., Wu and Wang 2008; Wang et al. 2013 , Hsu et al. 2014 . That is, TCL shift often affects TC intensity via changing the durations over the ocean (i.e., TC has more or less time and distance over the WNP warm pool for developing) (e.g., Wang and Chan 2002; Camargo and Sobel 2005; Wu and Wang 2008; Zhao et al. 2011 Zhao et al. , 2014b Wang et al. 2013; Zhao and Wu 2014) .
It is well known that the change in sea surface temperature (SST) related to the ENSO shift not only leads to a change in tropical convective activity pattern (e.g., Hu et al. 2016b) and then the remote induction of Rossby waves via the perturbation of upper-level divergence (e.g., Sardeshmukh and Hoskins 1988), but also results in changes of large-range atmospheric and oceanic environments related to TC activity (Gray 1979) such as the Walker circulation, the WNP subtropical high, absolute vorticity, relative humidity, vertical wind shear, vertically-integrated moisture transport, and horizontal distribution of local SST (e.g., Chan 2006; Kim et al. 2011; Zhang et al. 2014; Choi et al. 2015; Wang and Wu 2016; Huangfu et al. 2017) . For example, it has been found by many studies that a southeastward tendency of WNP TCLs in El Niño cases compared to La Niña cases (e.g., Camargo and Sobel 2005; Camargo et al. 2007; Wang et al. 2013; Zhao and Wang 2016) in both warm and cold phases of the PDO (Zhao and Wang 2016) .
Existing theories also suggest that the east-west shifts of tropical upper-tropospheric trough (TUTT) and MT may induce changes in WNP TCLs (e.g., Lander 1994; Wu et al. , 2015 Zhao et al. 2014b; Huang et al. 2016; Wang and Wu 2016; Deng et al. 2017; Huangfu et al. 2017 ) on both interannual and interdecadal timescales. It was ever pointed out that the mean TCL showed a westward shift over the WNP mainly due to (1) the pronounced westward shift of TUTT (Wu et al. 2015) and/or (2) the interdecadal change of the WNP MT (Huangfu et al. 2017) . On the other hand, Zhang et al. (2014) demonstrated that southern China had experienced increasing autumn drought due to the ENSO regime shift in the past decades. Given that the East Asia autumn rainfall is closely linked with the WNP TC activity (Wu et al. 2005; Hong et al. 2016) , it is doubtful that any shift in ENSO flavor can contribute to the change in autumn WNP TCLs via changing TUTT and/or MT.
Although the interdecadal shift of WNP TCLs since the late-1990s has been widely studied (e.g., Chan 2013, Hsu et al. 2014; Choi et al. 2015 Choi et al. , 2017 He et al. 2015; Hong et al. 2016; Zhao and Wang 2016; Huangfu et al. 2017) , these studies focused on the TC/typhoon activity associated with either ENSO phases or combined phases of PDO and ENSO (e.g., Zhao and Wang 2016) . The combined effects of TUTT and MT modulated by shifting ENSO (i.e., two types of La Niña and two types of El Niño) on the concurrent WNP TCL change, however, have not been well investigated. Thus, we will demonstrate that the interannual and interdecadal linkages between the WNP TCLs and the tacitand-mutual configurations of TUTT and MT in autumn are closely related to four ENSO flavors and the PDO-like and/ or central Pacific (CP) La Niña-like climate regime shift.
Data and methodology
The latitude and longitude information of all primary TCLs in autumn is from the WNP best track data from the Joint Typhoon Warming Center (JTWC, https://metoc.ndbc.noaa. gov/web/guest/jtwc/best_tracks/western-pacific) since previous studies (e.g., Wu and Zhao 2012 for details; Zhao and Wang 2016) suggested that the TC data from the JTWC is more reliable than that from the Japan Meteorology Agency (JMA) and the Shanghai Typhoon Institute of China Meteorology Administration (CMA). Only the results obtained from the JTWC data are given in the main body of the paper. But we have verified the results from the JTWC by using the TC datasets from the JMA and CMA, and found the northwestward shift of WNP TCLs was significant and generally in accordance with each other (not shown) albeit with some discrepancy.
According to Zhao and Wang (2016) , the possible causes of the uncertainty in three TC datasets are mainly due to the different estimate techniques and different computation methods among different agencies (e.g., Emanuel 2005; Song et al. 2010; Wu and Zhao 2012) . For instance, the 1-min average wind speed, 10-min average wind speed, and 2-min average wind speed are adopted by JTWC, JMA, and CMA, respectively. Hence some aspects of TC activity are found to be not consistent and even contradictory (e.g., Song et al. 2010; Kamahori et al. 2006; Wu and Zhao 2012; Landsea and Franklin 2013; Zhao et al. 2014a) .
Monthly atmospheric variables are obtained from the Interim European Centre for Medium-range Weather Forecasts Reanalysis (ERA-Interim, Dee et al. 2011 ). Relevant results have been confirmed by using the atmospheric variables from the JRA-55 data (Kobayashi et al. 2015) and the NCEP/NCAR reanalysis data (Kalnay et al. 1996) . Thus only the results obtained from the ERA-Interim are shown in this study. The mean of two commonly used SST datasets is employed in this study: the NOAA Extended Reconstructed SST version 4 Liu et al. 2015) and the Hadley Centre Global Sea Ice and SST analyses (Rayner et al. 2003) . Here, the Hadley SST was interpolated to the same 2° × 2° grid as the NOAA SST before analysis. The boreal autumn (i.e., September-November, or SON) during 1979-2015 is the season of our focus in this study, and the anomalous field is based on the deviation from the 1979-2015 climatology for each variable.
The Genesis Potential Index (GPI, Emanuel and Nolan 2004) or the improved GPI (Murakami and Wang 2010 ) is often used to assess large-scale environment of TC genesis since existing studies have suggested that it can capture TC genesis variation well at various time scales (e.g., Camargo et al. 2007 Camargo et al. , 2009 Jiang et al. 2012; Liu and Chan 2013; Zhao et al. 2015a, b; He et al. 2017; Zhao and Wu 2017) . Referring Emanuel and Nolan (2004) and Murakami and Wang (2010) , the modified GPI in this study is defined as:
where 500-hPa vertical p-velocity ( ) is included in the original GPI, is 850-hPa absolute vorticity, RH is 700-hPa relative humidity, V shear is the magnitude of vertical wind shear between 200 and 850 hPa, V pot is potential intensity (Emanuel 1995; Bister and Emanuel 2002) , which is a function of SST, sea-level pressure, convective available potential energy, atmospheric temperature, humidity, etc. Followup studies further indicated that the enhanced mid-level relative humidity and low-level cyclonic vorticity are the most important factors in modulating the location and frequency of TC genesis (e.g., Camargo et al. 2007 Camargo et al. , 2009 Jiang et al. 2012; Zhao et al. 2015a Zhao et al. , b, 2017 Zhao and Wu 2017) .
According to the different definitions of diverse recognition methods for ENSO diversity with a threshold of 0.6 SD
[i.e., the EPI and CPI methods (Kao and Yu 2009; Yu and Kim 2010) , the NCT and NWP methods (Ren and Jin 2011) , and the Niño3b and Niño4b methods (Hu et al. 2016a )], as well as the Niño3.4 and Niño3.4b (Hu et al. 2016a ), we synthetically identify four eastern Pacific (EP) El Niño autumns (Table 1 ) and 11 CP El Niño autumns (Table 1) . Kim et al. (2009 Kim et al. ( , 2011 and Zhang et al. (2014) classified La Niña events into one category due to less change in the zonal location of La Niña SST cooling (Kug et al. 2009; Ren and Jin 2011) . Nevertheless, there were more CP La Niña autumns (Table 1) than EP La Niña autumns ( Table 1 where g, p s , q, and �� ⃗ V are the acceleration of Earth's gravity, surface pressure, specific humidity, and horizontal wind vector, respectively.
Results
Since the horizontal SST distribution is a crucial factor for TC activity (e.g., Webster et al. 2005; Choi et al. 2015) , to confirm the different spatial features of the four flavors of ENSO identified in Table 1 , we first show the associated composite SST anomalies and differences in Fig. 1a-d , e-j, respectively. The spatial patterns in Fig. 1a-d highlight the positions and magnitudes of SST anomalies related to CP La Niña cooling (CPC), EP La Niña cooling (EPC), CP El Niño warming (CPW), and EP El Niño warming (EPW), respectively.
It is interesting that both the SST warming (in the western Pacific, WP) and cooling (in the CP) during CP La Niña are 1983 , 1984 , 1988 , 1998 , 1999 , 2000 , 2008 , 2011 EP La Niña 1985 , 1995 , 2001 , 2005 , 2007 CP El Niño 1986 , 1990 , 1991 , 1994 , 2003 , 2004 , 2006 , 2014 EP El Niño 1982 , 1987 , 1997 stronger than those in EP La Niña (Fig. 1a, b, j) , whereas both the SST cooling (in the WP) and warming (in the CP) during CP El Niño are weaker than those in EP El Niño (Fig. 1c-e) . Moreover, relative to the CP El Niño, the CP La Niña shows more robust SST anomalies in the EP (Fig. 1a,  c) . Note that only the difference between CPC and EPC exhibits a Modoki type (Fig. 1j) , suggesting that there are no significant SST anomalies near the coast of South America during both CPC and CPW (Fig. 1a, c) , which is consistent with Hu et al. (2016a) .
Although the maximum SST anomaly in CPW is only about half of that in EPW, both the background SST and local El Niño warming (135°E-180°) of CPW are higher than those of EPW (Fig. 1e) , and are more favorable for deep convective activity (e.g., Kim et al. 2011; Hu et al. 2016b) , providing a favorable environment for movement of TCs toward East Asia (Jin et al. 2013; Wang et al. 2013; Zhao et al. 2014b; Zhao and Wang 2016) . Likewise, the slight SST warming over the WNP during La Niña (Fig. 1a, b) is set against the higher background SST in the warm pool where SST is also warmer than that of the two types of El Niño (Fig. 1f-i) , inevitably making it easily conducive to TC formation and intensification (Knutson et al. 1998; Choi et al. 2015) , especially for CP La Niña (Fig. 1a, f, g ).
In addition to appropriate SST, TCs tend to form in a region with favorable large-scale atmospheric environments for their intensification. As expected, composite features of boreal autumn TCLs during CPC, EPC, CPW, and EPW events are characterized by different largescale environment changes. As the black dashed lines shown in Fig. 2a-d , the climatological TUTT, also known as the mid-oceanic trough (e.g., Ferreira and Schubert 1999) or the mid-Pacific trough (Deng et al. 2017) , often elongates from east-northeast to west-southwest over the tropical oceans. According to Wang and Wu (2016) , the WNP TCs often occur to the west of TUTT, mostly over the region of 115°E-160°E, 0°-20°N, due to the strong vertical wind shear to the southeast of the trough (e.g., Kelley and Mock 1982; Fitzpatrick et al. 1995) .
During the years of the two types of La Niña, the lowlevel easterly trade wind intensifies, with a northwestward retreat of the MT and weakened tropical convection as well as GPI to the east of the MT (Fig. 2a, b, e, f, Fig. A1a , A1c in the supplementary). Meanwhile, the upper-level TUTT expands southwestward; together, they result in a large positive vertical wind shear on the south side of the TUTT, which is just over the tropical disturbances in the tropical WNP region (Fig. 2a, b) , and subdues tropical cyclogenesis over the southeastern WNP, consistent with Wu et al. (2015) . Moreover, the westward retreat of the MT (Fig. 2a,  b ) coincides with the warming WNP associated with the two types of La Niña cooling (Fig. 1a, b) , weakening subtropical vertical wind shear to the north of 17°N or so, enhancing convection (i.e., vertical ascending motion), moisture transport over the northwestern WNP (Fig. 2e, f) , and positive GPI anomalies over the western part of WNP (Fig. A1a) , which are favorable for local TC genesis.
Note that the WNP warming related to CPC (Fig. 1a) is more robust than that related to EPC (Fig. 1b) . In addition, the whole change in large-scale environment (i.e., SST, TUTT, MT, vertical wind shear, convection, moisture transport, and GPI) during CPC years (Figs. 1a, 2a, e; Fig. A1a ) are similar to, but are clearly stronger and more westward than, those of the EPC years (Figs. 1b, 2b, f; Fig. A1c) . Thus, the mean latitude (longitude) of WNP TCLs during CPC is more northward (westward) than that during EPC (Fig. A2) . Therefore, the shifting La Niña is not only responsible for the change in the mean longitude of WNP TCLs but also for the mean latitude.
In contrast, the large-scale environments associated with the two types of El Niño are apparently different. It is consistent with Wang and Wu (2016) that all the TUTT eastretreat years can be identified as El Niño years. Besides, the WNP MT experiences a southeastward expansion (Fig. 2c, d) since the low-level easterly trade weakens, with strengthened deep convection and GPI to the east of the climatological MT ( Fig. 2g, h; Fig. A1b, A1d) . Meanwhile, the upper-level TUTT retreats northeastward; together, they result in large negative westerly vertical wind shear over the southeastern WNP, particularly for EPW years (Fig. 2c, d) , and favor local tropical cyclogenesis. Moreover, the strengthening subtropical westerly wind shear plays an important role in inhibiting TC formation to the north of 17°N (Fig. 2c, d ). In addition, the anomalous convection (i.e., vertical descending motion), moisture transport, and GPI over the WNP (Fig. 2g, h; Fig.  A1b, A1d) are almost opposite to those of La Niña years ( Fig. 2e, f; Fig. A1a, A1c) , unfavorable for TC formation over the northwestern WNP, especially during EPW years.
Note also that the overall changes in large-scale environment (i.e., TUTT, MT, vertical wind shear, convection, moisture transport, and GPI) during CPW years ( Fig. 2c,  g; Fig. A1b ) are similar to, but obviously weaker and more westward than, those of EPW years ( Fig. 2d, h; Fig. A1d ) mainly due to the distinct zonal position of maximum SST anomalies between CP El Niño and EP El Niño. Thus, the mean longitude of the WNP TCLs during CPW is more westward (eastward) than that during EPW (La Niña) (Fig.  A2) . However, there is smaller difference in the mean latitude of the WNP TCLs between the CPW and EPW composites (Fig. A2 ), while the difference between the two types of El Niño and La Niña composites is much larger (Fig. A2 ). In addition, the mean latitude anomalies (Fig. 3a) are positive in two EPW years of 1982 and 2015, but are negative in the other two EPW years of 1987 and 1997. Hence, the shifting El Niño is only responsible for the change in the mean longitude of the WNP TCLs but generally not the mean latitude.
We also noted that both the mean latitude and longitude of the WNP TCLs coincidently reflected remarkable interdecadal changes in autumn 1998 (Fig. 3a, b) . Specifically, the mean TCLs shifted northward by 2° of latitude and westward by 8° of longitude or so (Fig. 3c, d , green bars), re-confirming that more and more TCs form over the northwestern WNP since 1998 (Fig. A3 ) from another angle, which is consistent with previous studies (e.g., Hsu et al. 2014; Choi et al. 2015 Choi et al. , 2017 He et al. 2015; Hong et al. 2016; Zhao and Wang 2016; Huangfu et al. 2017) .
Moreover, there are significant interdecadal changes in the relationship between PDO and TCLs (Table 2) , as well as between PDO and diverse ENSO indices (Table 2) , with strongly enhanced correlations since the late-1990s except for EPI. Such interdecadal changes in TCLs are also closely linked to the interdecadal change in ENSO years ( Fig. 3c, d ; Table 2 ), confirming that the TCL interdecadal variability is closely linked to the late-1990s interdecadal change in the correlation between PDO and ENSO (e.g., Jo et al. 2015; Hu et al. 2016a; Zhao and Wang 2016) and the resultant western Pacific interdecadal warming ( Fig. 4a-b; Fig. A4 ).
To further investigate and confirm the large-scale environment changes associated with the 1998 TCL interdecadal change, we analyzed the relevant patterns of autumn SST, vertically-integrated moisture transport, U200-U850, TUTT and MT (Fig. 4a-d) . Over the WNP and the central North Pacific, the mean SST has significantly increased since 1998, together with a robust cooling over the central tropical Pacific (Fig. 4a, b) , which is generally considered to be related to the late-1990s' Pacific decadal variability (e.g., Wang et al. 2013 , Hsu et al. 2014 He et al. 2015; Hu et al. 2016a; Hong et al. 2014 Hong et al. , 2016 Zhao and Wang 2016) . Moreover, the patterns of ENSO-related decadal difference ( Fig. 4c; Fig. A4a ) are also very similar to the total decadal changes ( Fig. 4d; Fig. A4b) , with a shape related to PDO-like and CP La Niña-like backgrounds, which might be responsible for the interdecadal changes of the WNP TC activity (e.g., Hsu et al. 2014; He et al. 2015; Hong et al. 2016; Zhao and Wang 2016) .
Besides, the corresponding decadal difference patterns of U200-U850, TUTT and MT (Fig. 4c, d ) also mirror the CP La Niña composite patterns (Fig. 2a) , which further highlight the enhanced vertical wind shears over the central tropical Pacific, the northwestward retreated MT and the southwestward expanded TUTT. These unfavorable dynamic conditions for local TC genesis shed lights on that the interdecadal northwestward shift of the WNP TCLs is closely linked to the PDO-like and/or CP La Niña-like climate regime shift (e.g., Wang et al. 2013 , Hsu et al. 2014 He et al. 2015; Hong et al. 2016; Zhao and Wang 2016) . 1998-2015 and 1980-1997 (1998-2015 minus 1980-1997) Table 2 Correlation matrixes of PDO index and other indices (i.e., LAT, LON, Niño3.4, Niño3.4b, Niño3b, Niño4b, NCT, NWP, EPI, and CPI) in the boreal autumn during 1979-2015 (79-15), 1979-1997 (79-97) and 1998-2015 (98-15) Hsu et al. (2014) suggested that the large decrease of WNP typhoon numbers in recent years is mainly due to the significant reduction during the late TC season. Such a reduction is significantly associated with a northwestward shift of the WNP TCLs, which lead to relative shorter durations over the ocean and thus less intense typhoons because TCs have less time and traveling distance over the WNP warm pool for development and enhancement (e.g., Wang and Chan 2002; Wang et al. 2013; Camargo and Sobel 2005; Wu and Wang 2008; Zhao et al. 2011 Zhao et al. , 2014b Zhao and Wu 2014) . By revisiting the large-scale environment changes associated with shfting ENSO and WNP TCL during the late TC season (i.e., autumn), we unraveled in this study the potential linkages among the northwestern ward shift of WNP TCLs, east-west wards of TUTT and MT, four ENSO flavors, and the 1998 Pacific climate regime shift. Composite -1997 and 1998-2015 (1998-2015 minus 1980-1997 1979-2015, 1979-1997 and 1998-2015. Here, the TUTT and MT indices are defined as the regional mean relative vorticity at 200 hPa over 170°E-175°W/12.5°N-17.5°N and 850 hPa over 150°E-175°E/10°N-15°N during 1979-2015, respectively and correlation analyses of autumn WNP TCLs and Pacific SST anomalies with atmospheric features revealed several prominent features: First, the responses of mean WNP TCLs to the four flavors of ENSO are distinct: EPW mainly favors tropical cyclogenesis over the southeastern WNP, CPW promotes enhanced tropical cyclogenesis over the central-western WNP, and a significantly northwestward shift of the mean TCL occurs during the two types of La Niña years especially for CPC. These are consistent with previous studies (e.g., Wang et al. 2013; Zhao and Wang 2016) . Such diverse-ENSO-related TCL shifts could inevitably lead to changes in duration and traveling distance of TCs over the warm pool region and thus affect TC intensity (e.g., Wang and Chan 2002; Wu and Wang 2008; Wang et al. 2013 , Hsu et al. 2014 Zhao and Wang 2016) .
Second, the effects of PDO and shifting ENSO on the mean WNP TCLs are closely linked to the tacit-and-mutual configurations of the upper-level TUTT and low-level MT . Moreover, there are no significant changes in TUTT, MT, and vertical wind shear when the ENSO is in its neutral phase during the boreal autumn (Fig.  A5) , indirectly hinting the importance of regulating mechanisms of diverse ENSO events on TCLs via TUTT and MT.
Third, both the mean latitude and longitude of WNP TCLs experienced a sharp interdecadal variation in autumn 1998. The change in mean longitude is closely associated with four flavors of ENSO (i.e., CPC, EPC, CPW, and EPW), whereas the change in mean latitude is only sensitive to the phase (cold or warm) of ENSO but not to the type (EP or CP) of El Niño (Fig. A2) . The reason for this case is likely because the change in mean latitude of the WNP TCLs is dominated by the WNP warming induced by CP La Niña events and/or the interdecadal CP La Niña-like events.
It should be noted that the tacit-and-mutual configurations between TUTT and MT always exhibit a stable and strong relationship on both interannual and interdecadal timescales 4c, d) ; that is, a southwestward expansion of the TUTT always corresponds to a northwestward retreat of the MT, and a southeastward expansion of the MT always corresponds to a northeastward retreat of the TUTT. To further confirm this relationship, Fig. 4e Although much needs to be understood about the interrelation between the rapidly changing ENSO and large-scale environment patterns on the WNP TCLs (e.g., Hsu et al. 2014; Zhao et al. 2014b; Zhao and Wang 2016) , we provide further evidence linking ENSO shift and the Pacific climate regime shift to the WNP TCLs, with an emphasis on the roles of the TUTT and MT in autumn. As the interaction between external anthropogenic forcing (i.e., increasing anthropogenic greenhouse gases) and internal natural variability continues to evolve gradually (e.g., Hu and Fedorov 2017) , projections of more frequent extreme ENSO (Cai et al. 2014 (Cai et al. , 2015a , ENSO diversity (e.g., Hu et al. 2016a, b; Chen et al. 2015) and PDO modulation (e.g., Zhao and Wang 2016) , as well as their resultant effects on concurrent TCL changes, are inherently uncertain. We expect to see a further TCL change over the WNP, which is closely related to the major population centers across much of eastern China, Korea and Japan, where billions of people can be affected.
